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Abstract: We review the experimental studies on the effects of water on deformation and fracture
of rocks. Failure strength of granite and andesite has been measured under various conditions of
strain-rate and confining pressure both in dry and wet states. The failure strength decreases
linearly as the logarithm of the strain rate decreases. The strain-rate effect on the failure strength
of wet samples is more apparent than on the failure strength of dry samples. The triggering of
seismicity by fluid flow or water pressure change underground is controlied by the pre-existing
situ differential stress in the crust. During water

infiltration into a dry granite in the dilatant state, in which a rock is subjected to differential stress
near the failure strength, migration of a water front and a clear relationship between acoustic
emission (AE) activity and water flow into microcracks were revealed by means of AE hypocenter

location and P-wave velocity tomography. We will investigate the effects of the inhomogeneity of
the rock structure on the induced seismicity by the infiltrated water. We need further study on the
effects of fluids, such as chemical effects on rock physical properties at high temperature.
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£ 1K RangelyliZ B} 3 HKE &L IRIGEI O 506k, AR
JEJTIREE LA DR S HEE U I- IEBEEF D 72 D DKED
L &\@E, (Raleigh et al., 1976. American Association for
the Advancement of Science®#F ] %8 TEH)

Fig. 1 Record of water pressure and seismicity during
the experiment at Rangely. The dashed line indicates the
critical water pressure for triggering seismicity, estimated
from the state of stress and frictional strength. (Reprinted
with permission from Raleigh, C. B., Healy, J. H., and
Bredehoeft, J. D., An Experiment in Earthquake Control at
Rangely, Colorado, Science, 191, 1230-1237, 1976. Copyright
1976 American Association for the Advancement of Sci-
ence.)
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7 4 —DFFERD» 5, 1995FLEREETHIE O RNERERH
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LBIVS L, MIBRECOENL 0w A CEE LK
ERIRITRTD/INT A—F %, BEIC X > CIEREC
B3 LB CTHETH B,

ENTOEEER - BEERTIE, SERSOZ 7y
7 DREOTEY, AHROITIRE, REDE « K&
SR ELVOREFGERRETE S, i, HEANEE
BEIT 20k, RET ZWIMEBEDONMEE ¥ OREZE L
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Fig. 2 Fracture strength of granite as a function of strain-rate. Closed symbols indicate data from dry samples. Open

symbols indicate data from wet samples. The straight line is computed by the least squares method. (a) Confining pressure
0.1 MPa, (b) 50 MPa, (¢) 100 MPa, and (d) 200 MPa.
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Fig. 3 Fracture strength of andesite as a function of strain-rate. Closed symbols indicate data from dry samples. Open

symbols indicate data from wet samples. The straight line is computed by the least squares method. (a) Confining pressure
0.IMPa and (b) 50 MPa.
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ET2HBCE> TRKEREESR ST 3 (Scholz,
1990 ; Guéguen and Palciauskas, 19947 &), Masuda

(1996) W 1ERda & Zla OB TS 5K, EE
&, HEOZRERJFINTH N,
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(Masuda et al., 1987, 1988 ; H4J&, 1989). #£0.1-200
MPa, EBHEE10*—10" s ' OFF T, BEL 7 (dry)
kL EARTERIL 72 (wet) BRI 2> THEEERE 213U
BT EEAOERCHECET 2 YMEE R HE L 2,
KER X TEBERE I OV TEN T 5.

52 HIITERE, £ 3IREELFC DO TOERER
ZELDRLDOTHE, BADHERE (6p) IEEHE

(&) &

or = alog (8) + C (1

LW EHRSH B Z LS otz akCldAKROTEE,
Eh EERELADEERC L > THREZERTHD, K
DEET HBRETE, BRLPREOERICHERTER

A

Confining
Pressure

Strength

> fast

Log ( strain rate € )

%14 BADEEIT 5K, BRE, HEOFE, WE
FEFHEOMBUCHBIL TN s 5, BBEOERERESE
HESE L 2 5I1E K&, Wet sampleD#E 3 Dry sam-
pleDIBEE X /NS vy, Wet sampleD 52558 DEREHKE
BERRE W, TBEE, RUETHEOBRPIESN TV,
Fig. 4 Effects of water, strain-rate, and confining pres-
sure on rock strength. Failure strength decreases linearly
as the logarithm of the strain-rate decreases. The strain-
rate dependence of strength is enhanced at high confining
pressures. The strengths of wet samples are smaller than
those of dry samples. The strain-rate effect is more appar-
ent on the strength of wet samples than on dry samples.
We got similar results from experiments on granite and
andesite.
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TR DO EBERFENK E L 22 ERIEEHEOEINE X
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BAOOBERENRMICHKELZY, KOBLEIIKE
T B EERIZ, IS/ E (stress corrosion) (Anderson and
Grew, 1977 ; Freiman, 1984 ; Michalske and Freiman,
19827¢ ¥) &2 & BSubcritical? 7 v 7 (7 T v 7 A%
ERNCEFT LBBIT Wz 2RIORRE) 0w <Y LTz
EOWE THIATE 3 (Masuda et al., 1987, 19887 &),
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HEREERMERE) 2EENCHEET 2 HEmsSn< D
WREIN TS (Mizutani ef al., 1977, 1982 ; Sano
et al., 19817 &),
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HERFE I 2 L EFEOBEMRIEINZDT, K
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(Freiman, 1984 ; Michalske and Freiman, 1982), Z
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B R~z (Masuda et al., 1990, 1993 ; PHEE - #EH,
1991),
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Fig. 5 Schematic diagram of the water injection experi-
ments.
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Fig. 6 Locations of sensors. O indicates AE sensors for
AE hypocenter locations, waveform analysis, and elastic
wave velocity measurements. + indicates strain gages.

— 479 —




WwEBEEFTHA®R ELE 85

RN

L2oR 7 _3?1\
Rl
P SN T

BTM

BT Pl 2 HE U 7B RRR, 3TOR 283 2P
F P % SEEATR L SRR CRE L 72, R EiEE &
oW, K TR 2 & —RRICEA UTe, PEERESAR X
RTI0DEN (14 x 10mm) ZDOWTHEL, £0BAREE
& o CPEERES A ZRIR L,

Fig. 7 37 paths for measuring P-wave velocities and 30
rectangular cells (14 x 10 mm) for reconstruction of P-
wave velocity profiles. Water was injected uniformly
through the bottom surface of the sample.
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%, WEBAERCIREE (1997) OBFLLEKESTK
DHLOZERATZ ZLCLY, /4 RADECEREE
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X, EBEEIES (1987) DBAFELIzv A7 ARFERALT.
L7 (dry) 7 2 v 7 2S5 EaR TR TR
ENiz (wet) 77 v 7 2EUBELOBREZ, %2 2G6HE
TEPEEENKE L3 (210 Connell and
Budiansky, 1974). U7#8-> CEANELE2EHET 2P
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Fig. 8 Changes of P-wave velocities caused by water
infiltration. P1, P2, P3, P4, P5, and P6 indicate P-wave
velocity changes along paths S1-R1, S2-R2, S3-R3, S4-R4,
S5-R5, and S6-R6, respectively. The numbers at the top
indicate the sequence of velocity measurements for tomo-
graphy, results of which are shown in Fig. 9.
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Fig. 9 Reconstructed P-wave velocity changes relative
to the P-wave velocity profile before water injection. The
number at the upper right corner of each figure denotes the
time of velocity measurement as indicated in Figure 8. The
scale bar represents a P-wave velocity increase from 0 to
25 %.
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Fig. 10 Change of AE rate with respect to time. The
arrow in the figure indicates the time when water was
injected. Subperiods A, B, C, D, and E corresponding to AE
hypocenter plots in Fig. 11, are shown at the bottom of the
figure. The small arrows and numbers at the top of the
figure show the sequence of velocity measurements for
tomography and the time interval of AE distribution
shown in Fig. 12.
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Fig. 11 Stereographic projections of AE hypocenter distribution for subperiods after the water injection. Subperiods
indicated by the letters A, B, C, D, and E are shown in Fig. 10.
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Fig. 12 (a) Reconstructed P-wave velocity changes relative to the P-wave velocity profile just before the water injection.

The contour line represents a 1% change interval. Coarse-dotted and fine-dotted areas indicate regions where velocity

changes are between +59% and +10%, and more than +10%. (b) Hypocenter distribution of AE events that occurred

within 20 mm of the velocity profile plane.
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